The ACR CT accreditation program, begun in 2002, requires the submission of approximately 20 images, several completed data sheets and printouts of three Excel worksheets. The procedure manual is very detailed, yet participants unfamiliar with the program or having minimal CT experience have needed to redo aspects of their submission, or in some cases do not receive accreditation, due to mistakes made by the physicist. This review of the phantom portion of the ACR CT accreditation program supplements the ACR provided instructions with additional photos of phantom setup, region-of-interest ͑ROI͒, and image placement on the film sheets, and examples of completed portions of actual ͑but anonymous͒ submissions. Common mistakes, as well as uncommon but interesting images, are shown and explanations are given as to what could have been done to avoid the problem. Additionally, a review of CT dose measurement techniques and calculations will enable the physicist to better assist sites where typical exam doses are above the ACR reference values.
I. INTRODUCTION
The ACR CT accreditation program, begun in 2002, requires the submission of approximately 20 images, several completed data sheets, and printouts of three Excel worksheets. As part of the accreditation program materials, a detailed procedure manual is provided to assist the medical physicist in performing the required scanning, measurements, calculations, and documentation ͑through submission of films͒. Still, some participants have needed to redo aspects of their submission, or in some cases do not receive accreditation, due to mistakes made in the submitted materials
In the spirit of the ACR accreditation program, which is meant to be primarily educational in nature, this review supplements the ACR-provided instructions with additional photos of phantom setup, region-of-interest ͑ROI͒ placement, and examples from actual ͑but anonymous͒ submissions. Common mistakes, as well as uncommon but interesting images, are included and explanations given as to the source of the problem.
Finally, we review the CT dose measurement techniques and calculations to enable the physicist to better assist sites whose typical exam doses are above the ACR reference values.
This review is organized by the various performance tests included in the submission process. For all tests, an example of an acceptable test result is included.
II. ACR CT ACCREDITATION PHANTOM
The ACR CT accreditation phantom has been designed to examine a broad range of image quality parameters. These include:
• positioning accuracy; • CT No. accuracy; • slice width;
• low contrast resolution;
• high contrast ͑spatial͒ resolution; • CT number uniformity; and • image noise.
The ACR CT accreditation phantom ͑model 464, Gammex-RMI, Middleton, WI͒ is a solid phantom containing four modules, and is constructed primarily from a waterequivalent material ͓Fig. 1͑a͔͒. Each module is 4 cm in depth and 20 cm in diameter. There are external alignment markings on EACH module to allow centering of the phantom in the axial (z axis, cranial/caudal͒, coronal (y axis, anterior/ posterior͒, and sagittal (x axis, left/right͒ directions. There are also ''HEAD,'' ''FOOT,'' and ''TOP'' markings on the phantom to assist with alignment. An optional phantom support base may be purchased to assist in phantom alignment. The Appendix contains a brief description of each module contained within the ACR CT accreditation phantom, and includes a cross-sectional diagram of each module which shows the various test objects contained within each module. Figures 1͑b͒-1͑e͒ show a phantom that has been properly aligned with the scanner patient positioning lights.
A. Table I of site scanning data form
A critical element of the submission process is the completion of Table I of the site scanning data form-the description of the site's scanning protocols. The acquisition parameters reported in Table I should be representative of the scan protocols used for the site's routine clinical scans. These parameters will be used for scanning the image quality and dose phantoms and should be consistent with the acquisition parameters used for the clinical exams submitted as part of the accreditation process. Table I refers to the following routine examinations.
͑1͒ Adult head: Head CT ͑for headaches or to exclude neoplasm, brain CT, top of the head͒. ͑2͒ High resolution chest: High resolution chest ͑HRC͒ CT for evaluation of diffuse lung disease. ͑3͒ Adult abdomen: Abdomen CT ͑for detection of possible liver metastases or lymphoma͒. ͑4͒ Pediatric abdomen: Pediatric abdomen CT ͑for blunt trauma, acute abdominal pain, or infection͒. Assume a 5-year-old, patient.
The following example shows a correct completion of Table I for a four-row multidetector row scanner ͑Light Speed QX/i, General Electric Medical Systems, Milwaukee, WI͒.
Common Table I errors
The most common error observed in the completion of Table I occurs for multidetector-row CT systems, where the Z-axis collimation (T, as defined earlier͒ is often confused with the reconstructed scan width. For single-slice CT scanners, the Z-axis collimation and reconstructed slice width are the same. However, with multislice CT scanners, these parameters often have different values. The Z-axis collimation ͑also referred to as detector collimation͒ is chosen prospectively ͑prior to scan acquisition͒. It determines the appropriate x-ray beam collimation and, hence, is a critical parameter for dose measurements. For the example of the four-detector row CT system described in Table I , a 5-mm-thick image is reconstructed from the projection data acquired by the fourdetector rows, each one of those rows having a Z-axis width of 3.75 mm. Hence, many physicists incorrectly report the detector collimation as 5 mm ͑instead of the correct value of 3.75 mm͒.
Similarly, the number of data channels used (N, as defined earlier͒ is an important acquisition parameter. Knowledge of both T and N ͑and table increment per rotation, I) is required to accurately compute the correct value of pitch. ͑The value of pitch reported on some systems is not consistent with the International Electrotechnical Commission's definition, which is used in the ACR program.͒ However, the user interfaces for many CT systems do not clearly identify the values of these important acquisition parameters. Additionally, some 16-detector-row scanners use only 12-detector rows for certain acquisition modes, yet the user is not explicitly notified whether Nϭ12 or 16 for a given clinical protocol. Hence, serious confusion can exist as to the exact values of T, N, and I for clinical exam protocols, which are typically prescribed in terms of reconstructed scan width, table travel speed ͑mm/rotation͒, and for some systems, pitch.
To assist users in determining the correct values of T, N, and I, information regarding specific scanner models is provided on the frequently asked questions ͑FAQ͒ page of the ACR accreditation web site: www.acr.org. Table I • Detector configuration must be correctly reported.
Essential criteria for
• Pitch must be correctly reported.
• Other scan parameters must appear correct.
B. SMPTE test pattern
Prior to filming any images, a SMPTE test pattern ͑Soci-ety of Motion Picture and Television Engineers͒ should be printed using the appropriate window width and window level. Users who are unfamiliar with this procedure, should review Gray et al. 1 and contact their local service engineer for assistance.
A SMPTE test pattern is REQUIRED to demonstrate the quality of the submitted hard-copy film. Failure to submit a SMPTE test pattern results in automatic failure of the physics portion of the accreditation. Alternate patterns are accepted, but not recommended.
Figures 2͑a͒-2͑b͒ show an example of an acceptable SMPTE image and an image with various deficiencies.
Essential criteria for SMPTE test pattern
• SMPTE or other video test pattern must be present in the first box of each film sheet.
• The 95% square must be visible ͑whites must not be saturated͒.
• The 5% square must be visible ͑blacks must not be saturated͒.
• No aliasing of bar patterns or other artifacts.
C. Phantom and scanner alignment-Modules 1 and 4
The ACR CT accreditation phantom is used for all image quality scans and must first be positioned carefully on the CT table. The HRC protocol from Table I must be used. Even if the site's HRC protocol does not use a scan width of less than 2 mm, it is essential to use a scan width of less than 2 mm for phantom alignment. In the situation where testing has begun and the physicist must yield the scanner for clinical use, the phantom must be realigned ͑modules 1 and 4͒ and new alignment images filmed before proceeding.
Figures 3͑a͒-3͑d͒ show an example of acceptable phantom alignment and several images with various deficiencies.
Essential criteria for phantom alignment
• Image thickness must be 2 mm or less.
• All four BBs must be seen in one image and have similar appearance.
• Longest wire must be centrally located (Ϯ1 wire͒ on both top and bottom ramp. 
D. Module 1-CT number calibration
CT scanners are quantitative devices where pixel brightness should accurately reflect the atomic number and physical density of the material within an image voxel. By defini-tion, the CT number of water and air are assigned values of 0 and Ϫ1000, respectively. The CT numbers for all other materials can vary somewhat depending on the system's x-ray beam spectra and other issues such asbeam hardening and scatter. The various phantom materials have been assigned CT numbers consistent with average values obtained from multiple scanner models. A measured value that is out of the recommended range is not a major deficiency, although the CT number of water is expected to be 0Ϯ7 HU for images acquired at any slice thickness or kVp setting. The high-precision solid water rod in module 1 has 
Essential criteria for CT number calibration
• ROIs must be placed within the cylinders.
• Polyethylene mean CT number must be between Ϫ107 and Ϫ87 HU.
• Water mean CT number must be between Ϫ7 and ϩ7 HU (Ϯ5 HU preferred͒.
FIG. 4.
͑a͒ Good CT number calibration image. ROIs are well positioned. Note the subtle gray shading around the high-precision water rod. This is from the phantom manufacturing process and is not a scanner artifact. ͑b͒ CT numbers out of recommended range: This image demonstrates mean CT numbers for water, acrylic, and polyethylene that are outside the program recommendations. ͑c͒ Image lacks the necessary text annotation. Essential details such as kVp, mAs, scan thickness, reconstruction algorithm, etc., are all missing. These technical factors must be displayed on all filmed images.
• Acrylic mean CT number must be between ϩ110 and ϩ130 HU.
• Bone mean CT number must be between ϩ850 and ϩ970 HU.
• Air mean CT number must be between Ϫ1005 and Ϫ970 HU.
• The adult abdomen protocol from Table I must be used.
FIG. 5. ͑a͒
Good slice thickness image. In this example, we count 15 wires for both the top and bottom ramp, which indicates a scan thickness of 7.5 mm. ͑b͒ Not centered: The image submitted should have been obtained at the table position where the scan is centered on the center of the ramp ͑the longer wire should be centered within the other wires͒. In this case of a 10 mm scan thickness, the scan width may extend beyond the ramp ͑where there are no more wires͒ and, hence, the measurement may not be accurate. Additionally, the reconstructed FOV is too large ͑400 mm͒. Note: The white ring around the high precision water rod is adhesive from the manufacturing process. It is not problematic for the purposes of the accreditation program. ͑c͒ Streak artifacts coming off of the wire ramp. These are not typical. Also streaks are seen coming in from the bottom left and right from the Teflon roller on the phantom stand. When setting up the phantom, the ring should be placed under the far ends of the phantom to avoid these streaks. ͑d͒ Slice thickness too large: The measurement appears to have been performed correctly yet the measured scan width is too large. The prescribed width is 1.5 mm, but six wires are counted on the top ramp ͑3 mm͒, and five wires counted on the bottom ramp ͑2.5 mm͒. Additionally, the reconstructed FOV is too large ͑400 mm͒.
E. Module 1-slice thickness and CT number of water versus slice thickness
The width of the CT image is most completely described by a section sensitivity profile, particularly for spiral ͑helical͒ images. For the purposes of the ACR CT accreditation program, only axial slice widths are measured. These are measured using a series of discrete wires positioned on a ramp inclined with respect to the axial plane such that the spacing between contiguous wires represent 0.5 mm along the z axis. Thus, an estimate of slice width ͑in mm͒ can be obtained by counting the number of well-visualized wires and dividing the total number by 2. Very subtle appearing wires should not be counted. Interobserver variability by this method is about 0.5 mm. Additionally, the mean CT number of water is FIG. 6 . ͑a͒ Acceptable image. This 140 kVp image has a mean CT number for water of 0.28 HU. In the 80, 100, and 120 kVp images from this scanner ͑not shown͒, the mean CT number of water was 1.46, 0.90, and 0.53 HU, respectively, demonstrating solid scanner calibration independent of kVp setting. ͑b͒ Incorrect mean CT number for water. This 80 kVp image has a mean CT number of Ϫ6.8 HU, which is at the limit of the program tolerances, suggesting the need for scanner recalibration ͑many states require water values between Ϫ5 HU and ϩ5 HU). Significant ring artifacts are apparent, indicating that the scanner requires calibration or service. ͑c͒ Incorrect mean CT number for water. This 90 kVp image has a mean CT number of 12.6 HU, which is well beyond program limits and indicates the need for scanner recalibration at this kVp setting. ͑d͒ Filming artifacts: This 80 kVp image has a mean CT number of Ϫ2.7 HU, which is acceptable. However, horizontal artifacts are well visualized. These are from the hard-copy camera device ͓same camera as used for Fig.  2͑b͒ showing the poor quality SMPTE͔. The medical physicist should note and address artifacts seen in any of the accreditation images.
FIG. 7.
͑a͒ Good low contrast resolution image. Adult abdomen protocol. Minimum resolvable rod sizeϭ5 mm ͑need to see all four rods clearly͒. Measured CTDIwϭ22.8 mGy, CTDIvolϭ15.2 mGy. ͑b͒ Acquisition and analysis errors. Head scan FOV was used ͑large scan FOV should be used for an abdomen protocol͒. ROI positioned radially too far from center. Minimum resolvable rod sizeϭ6 mm. ͑The 5 mm rods are not all well visualized.͒ ͑c͒ Ring artifact and other deficiencies. The low contrast test object is rotated by 90°. This is a manufacturing error and the site was advised to contact the phantom provider for replacement or repair. The streaks at the lower left and right of the image are from the Teflon roller on the phantom stand. The ROI is positioned radially too far from center. Most importantly, there is a dark ring artifact. Finally, some text annotation covers the low contrast test objects. Minimum resolvable rod sizeϭ4 mm ͑although one is partially hidden by text͒. ͑d͒ Failed low-contrast test. The 6 mm diameter low contrast rods are not visible. This site would fail the accreditation. The contrast between the background and the large rod should be 6Ϯ0.5 HU. Site measures 4.3 HU, but the ROI is not properly positioned. Site was advised to repeat measurement of contrast just to make sure the phantom was not the problem ͑we have not found any cases were the phantom was the problem, but it is best to be sure͒. The scan protocol likely needs to be revised or the scanner serviced. ͑e͒ Failed low-contrast test. The 6 mm diameter low contrast rods are not all clearly visible. This site would fail the accreditation. The likely cause is the use of the detail reconstruction kernel for an abdomen protocol. This kernel is much too sharp and, hence, the image much too noisy, which severely degrades low contrast resolution. The other scan parameters and dose appear appropriate. ͑f͒ Wrong window width and level settings. The images were printed at the wrong window width ͑39͒ and level ͑91͒. This large of deviation from the prescribed levels ͑100/100͒ is not acceptable, as it dramatically alters the appearance of the image and program criteria have been established relative to specified window width and level settings. Also, essential details such as kVp, mAs, scan thickness, reconstruction algorithm, etc., are all missing. These technical factors must be displayed on all filmed images. The reconstructed FOV is also too large ͑36 cm instead of 21-25 cm͒. evaluated at each slice thickness. Figures 5͑a͒-5͑d͒ show an acceptable slice thickness image and several images with various deficiencies.
Essential criteria for CT slice thickness
• Image data required for HRC, ϳ3, 5, and 7 mm slice thicknesses.
• The slice width must be within 1.5 mm of the prescribed width.
F. Module 1-CT number of water versus kVp setting
The mean CT number of water must be evaluated at each kVp setting that can be selected by the operator, regardless of the frequency of use of those settings in the site's actual clinical practice. Figures 6͑a͒-6͑d͒ show an acceptable module 1 image at a nonstandard kVp setting ͑i.e., not the kVp noted in Table I for the adult abdomen protocol͒, as well as several images with various deficiencies.
Essential criteria for CT number of water versus kVp
• Image data are required for all selectable kVp settings.
G. Module 2-low contrast resolution
The assessment of low contrast resolution is a difficult yet clinically relevant task. The scan parameters that increase image noise levels can cause subtle ͑low contrast͒ objects to be poorly visualized. Alternatively, parameters choices that lower image noise and improve low contrast resolution can result in excessive patient doses. To decrease interobserver variability for this test, the user is instructed to select the smallest set of low contrast objects for which all four objects can be clearly delineated. It is common for sites to claim to be able to see smaller rods than do the reviewers.
Figures 7͑a͒-7͑f͒ and 8͑a͒-8͑f͒ show examples of good low contrast resolution images and several images with various deficiencies, using the adult abdomen and adult head protocols, respectively. Common problems include the use of wrong window and level settings, poor positioning of the ROIs ͑they should be at the same radial distance from isocenter͒, use of scan parameters that differ from those listed in Table I , and the presence of artifacts.
Essential criteria for low contrast resolution
• Adult abdomen and adult head protocols from Table I must be used. • Window widthϭ100.
• Window levelϭ100.
• All four cylinders of the 6 mm rods must be clearly visible.
H. Module 3-uniformity
Proper calibration of a CT system should result in an image of a uniform phantom that appears uniform and is with- ͑a͒ Good low contrast resolution image. Adult head ͑brain͒ protocol. Minimum resolvable rod sizeϭ5 mm. The measured CTDIw ͑43.0 mGy͒ is below the reference value ͑60 mGy͒. However, the module is rotated ͑manufacturing error͒ and the annotation is covering some of the test objects. The bright ring around the periphery is not atypical for the head low contrast resolution image, as many scanners assume the presence of skull around the brain and apply a bone correction algorithm. Since the phantom does not have a high-atomic number shell, the bone correction algorithm creates the ring artifact observed. ͑b͒ Shading artifact and somewhat high dose. This image has a minimum resolvable rod sizeϭ5 mm. However, the measured CTDIw ͑67.2 mGy͒ is slightly above the reference value ͑60 mGy͒. A shading artifact is present where the right portion of image ͑left side of phantom͒ appears brighter than the left. ͑c͒ Very high dose. Adult head ͑brain͒ protocol. This image has a minimum resolvable rod sizeϭ6 mm ͑all 4 of the 5 mm rods are not clearly present͒. However, the measured CTDIw ͑114 mGy͒ is almost twice as high as the reference value ͑60 mGy͒. ROIs are in the correct position. This site needs to work with their service and applications to optimize the scan parameters such that they can still pass the low contrast resolution ͑6 mm or less͒ while hopefully lowering their dose. The high dose required to achieve the necessary level of image quality is in part due to this system's use of xenon gas detectors. ͑d͒ Wrong scan parameters: This image has a minimum resolvable rod sizeϭ5 mm. However, the image was acquired using the wrong scan parameters. Table I prescribed a 5 mm scan at 160 mA and 2 s ͑320 mAs͒ but this scan was taken at 320 mA and 2 s ͑640 mAs͒ and is only 2.5 mm thick. ͑The two errors should theoretically negate one another in terms of the appearance of the low contrast image.͒ The measured CTDIw ͑87.4 mGy͒ is well above the reference value ͑60 mGy͒. ROIs are is a good position. ͑e͒ Ring artifacts and other problems. This image shows subtle rings artifacts and has the text annotation covering the essential test objects. The window and level settings are not correct. The technique is rather high ͑700 mAs͒ likely due to the choice of a 2.5 mm scan thickness, which is typically considered too thin for routine brain evaluations. The measured CTDIw ͑105 mGy͒ is almost twice as high as the reference value ͑60 mGy͒. The background ROI is not in the correct position. ͑f͒ High dose. Good low contrast resolution image using the adult head ͑brain͒ protocol. Minimum resolvable rod sizeϭ4 mm. However, the measured CTDIw ͑73.6 mGy͒ is above the reference value ͑60 mGy͒. out artifacts. Uniformity is quantitated by measuring the mean CT number with a ROI at the center and four edge positions value and calculating the absolute value of ͓center mean CT No.-edge mean CT No.͔ for all four edge ROIs. The difference between the edge and center should measure р5 HU. The image should also be carefully examined for artifacts such as rings or streaks. Figures 9͑a͒-9͑f͒ show an example of a good uniformity image and several images with various deficiencies.
Essential criteria for image uniformity
• Edge-to-center mean CT number difference must be Ͻ5 HU for all four edge positions.
• Correct size and location of ROIs.
• The center CT number must be between Ϫ7 and ϩ7 HU (Ϯ5 HU preferred͒.
• Adult abdomen protocol must be used.
• Window widthϭ100.
• Window levelϭ0.
• No image artifacts.
I. Module 4-high contrast resolution
The high contrast resolution image must be viewed using a window widthϭ100 and a window levelϷ1100 ͑the window level should be adjusted slightly to optimize visualization of the higher frequency bar patterns͒. The physicist must determine the highest spatial frequency for which the bars and spaces are distinctly visualized. Figures 10͑a͒-10͑c͒ and  11͑a͒-11͑c͒ show examples of good high contrast resolution images and several images with various deficiencies, using the adult abdomen and high resolution chest protocols, respectively.
Essential criteria for high contrast resolution
• The adult abdomen and adult HRC protocols from Table I must be used ͑especially correct reconstruction algorithm͒.
• Window levelϷ1100.
• The 5 lp/cm bar pattern must be clearly resolved for adult abdomen.
• The 6 lp/cm bar pattern must be clearly resolved for HRC.
J. CTDI measurements
The ACR CT accreditation program requires submission of images from the CTDI measurements primarily to verify the correct phantom size and position, ion chamber usage, and correct acquisition parameters during the CTDI measurements. Figures 12͑a͒-12͑f͒ show examples of a good CTDI image and several images having critical deficiencies. The standard 16 and 32 cm acrylic CTDI phantoms, 100 mm ionization chamber, and calculation methods are used.
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The CTDI measurement must be performed using an axial scan with all other technical parameters ͑kVp, mA, exposure time, N, T) the same as the original protocol. For some scanners, this will require paying careful attention to the technical parameters when switching from helical to axial mode. It is absolutely essential that the detector configuration used for the helical scan prescribed in Table I be used for the axial scan for measuring CTDI. In some scanners this may require going into ''service mode'' to achieve these settings. The FAQ section of the ACR accreditation web site provides additional guidance for this issue: www.acr.org.
Essential criteria for CTDI measurements for the adult head protocol
• Adult head protocol must be used.
• An axial scan must be used.
FIG. 8. ͑Continued.͒
• Phantom should be in the head holder.
• Phantom must be 16 cm in diameter.
• The nonchamber holes must be filled.
• Complete the dose calculator Excel spreadsheet correctly. ͑Parameters must match Table I and Table I , with the exception of kVp value, shows no artifacts ͑cupping, streaks, rings, etc.͒ ͑note that it is a helical scan, as would be expected for body imaging͒. The data sheets require measuring the mean CT number at the center and four edge positions, but for many systems only three ROI measurements can be displayed at one time. This is acceptable. ͑b͒ Cupping artifact. This image visually demonstrates substantial cupping ͑darker CT numbers towards the center of the phantom͒, even though the measured CT values are not substantially different from center to edge. Also, the reconstruction FOV is too large and the image was filmed with the wrong window and level settings. ͑c͒ ROIs too large. This image shows very good uniformity, however, the sizes of the ROIs are too large. The bright BBs off center and near the edge are missing from the image, most likely due to the site not having filmed the image that is positioned over the center of module 3. ͑d͒ Ring artifacts. Concentric ring artifacts are visible in this uniformity image. The four edge ROIs are placed somewhat too near to center. ͑e͒ Bright ring artifact around the periphery and helical ͑windmill͒ artifacts coming off of the bright BBs. The ROI sizes are too large. ͑f͒ Dark ring artifact. The ring around the phantom is not reflected in the acceptable ROI measurements. The ROIs are of good size and position. The BBs appear crisp in spite of a helical pitch factor of 1.5.
• Print and submit the dose calculator Excel spreadsheet.
• The CTDIw should not exceed 60 mGy.
Essential criteria for CTDI measurements for the pediatric abdomen protocol
• Pediatric abdomen protocol must be used.
• Phantom must be on the table top.
• Complete the dose calculator Excel spreadsheet correctly. ͑Parameters must match Table I and actual scan parameters.͒
• The CTDIw should not exceed 25 mGy.
Essential criteria for CTDI measurements for the adult abdomen protocol
• Phantom must be 32 cm in diameter.
• Complete the dose calculator Excel spreadsheet correctly. ͑Parameters must match Table I and actual scan parameters.͒ • Print and submit the dose calculator Excel spreadsheet.
• The CTDIw should not exceed 35 mGy.
III. CTDI CALCULATIONS
An Excel spreadsheet is provided to calculate CTDIw, CTDIvol, DLP, and effective dose from the CTDI measurements.
2,3,6 -11 Clinical dose estimates are made using the clinical scan parameters from Table I . Although CTDI measurements are made using an axial scan, exam dose estimates can be made for spiral acquisitions using the parameter CTDIvol, which takes into account gaps or overlaps between the radiation beams from contiguous rotations of the x-ray source. Table II shows a dose calculation worksheet that has been correctly completed. The sample parameters correspond to the adult abdomen protocol given earlier in Table I .
IV. DISCUSSION AND CONCLUSIONS
The provided figures demonstrate acceptable levels of image quality and dose, as well as a variety of image artifacts and scanner performance errors. However, many examples of physicist error have also been shown. The most common operator errors are listed in Table III. The goal of the program is to document high quality scanner performance. In order to fairly assess image quality and dose for a wide range of scanner models and scan acquisition parameters, a reasonable amount of standardization has been necessary in the formatting of the submitted image data. Errors such as filming the images in the wrong location or with the wrong window width and level settings can make an application difficult or even impossible to review fairly. Physicist errors such as not including a SMPTE or other test pattern, severe misalignment of the phantom, or measuring CTDI with the wrong phantom or in helical mode will result in the physicist having to repeat the submission. Thus, paying close attention to the provided instructions is essential.
Additionally, the ACR has chosen to assess image quality and dose for four standard imaging applications ͑adult abdomen and head, pediatric abdomen, and high resolution chest͒. If a site's clinical image quality is to be assessed by this program, it is imperative that the submitted phantom images be acquired with the relevant clinical protocols. Hence, Table I is essential. The physicist must then be diligent to use the scan parameters from Table I in the image quality and dose tests.
Through participation in this accreditation program, we believe that the medical physicist will become a more integrated member of the CT imaging team. While we acknowledge the serious time commitment required for completing a successful CT accreditation application, we believe that the program has helped many to detect and resolve deficiencies in the their scanner performance ͑i.e., equipment problems͒ or scanner utilization ͑i.e., exam protocols͒. The end result, FIG. 10 . ͑a͒ Good high contrast resolution image. Adult abdomen protocol. The window setting is 100 and the level setting is 1100, allowing the higher frequency bar patterns to well visualized. The limiting spatial resolution ͑the highest spatial frequency where the bars are still clearly distinguishable͒ is 7 lp/cm. ͑b͒ Wrong window width and level settings. Here the window and level settings have not been properly set (widthϭ832 instead of 100, level ϭ1376 instead of 1100͒. The limiting spatial resolution is 6 lp/cm, which is passing. A better window width and level setting would likely show that the 7 lp/cm is the limiting spatial resolution value. ͑c͒ Wrong window width and level settings. Here the window width setting is correct but the level has not been adjusted ͑from the nominal value of 1100͒ to allow the higher frequency bar patterns to be visualized. The limiting spatial resolution is 7 lp/cm, but a better level setting might show that the 8 lp/cm is the limiting value.
an increase in the overall quality of CT imaging and a more judicious use of ionizing radiation, is worth the time and attention of the medical physics community.
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FIG. 12. ͑a͒ Good CTDI image. Adult head ͑brain͒ protocol. The 16 cm diameter phantom is centered in the head holder and the chamber cavities are filled. The detector configuration for the scan matches that given in, the respective, Table I ͑2.5 mm detector collimation͒. ͑b͒ Incorrect CTDI scan-helical scan. A helical scan was incorrectly used for acquiring the CTDI measurement. The data from these measurements are not valid for CTDI calculations. ͑c͒ Incorrect CTDI scan-wrong size phantom for pediatric dose measurement. The large ͑32 cm diameter͒ CTDI phantom was incorrectly used for the pediatric abdomen CTDI measurements. The data from these measurements are not valid for the pediatric CTDI calculations. The incorrect phantom size was discovered by the ACR reviewer after noting that the measured doses were extremely low and seeing that the 30 cm diameter FOV was completely filled in the phantom image. ͑d͒ Correct multislice detector configuration used. This image of an adult abdomen CTDI scan corresponds to the scan parameters given in the Table I example above ͑with the exception of a different mA value͒. The clinical protocol prescribes a helical 5 mm scan thickness using a pitch of 0.75 and a table speed of 11.25 mm/rotation. These parameters can only be achieved using the 4ϫ3.75 mm detector configuration. Here the axial CTDI dose scan is correctly performed using the 4ϫ3.75 mm detector configuration ͑3.75 mm/4i͒. ͑e͒ Incorrect multislice detector configuration used. This image of an adult abdomen CTDI scan corresponds to the scan parameters given in the Table I example above. The clinical protocol prescribes a helical 5 mm scan thickness using a pitch of 0.75 and a table speed of 11.25 mm/rotation. These parameters can only be achieved using the 4ϫ3.75 mm detector configuration. Here the axial CTDI dose scan is incorrectly performed using the 4ϫ5 mm detector configuration ͑5 mm/4i͒. ͑f͒ High dose. This head CTDI image uses the same exam parameters as for the head low contrast resolution image shown in Fig. 8͑c͒ . The technique is high ͑160 mA, 3 s͒ and yields a CTDIw of 114 mGy.
APPENDIX: DETAILED DESCRIPTION OF THE ACR CT ACCREDITATION PHANTOM
A. Module 1 Figure 13͑a͒ shows a cross-section of module I, which is used to assess positioning and alignment, CT number accuracy, and slice thickness. The background material is water equivalent. For positioning, the module has 1-mm diameter steel BBs embedded at the longitudinal (z axis͒ center of the module, with the outer surface of the BB at the phantom surface at 3, 6, 9, and 12 o'clock positions within the field of view. To assess CT number accuracy, there are cylinders of different materials: bone-mimicking material ͑''Bone''͒, polyethylene, water equivalent material, acrylic, and air. To assess slice thickness, two ramps are included which consist of a series of wires that are visible in 0.5 mm z-axis increments. Figure 13͑b͒ shows a cross-section of module 2, which is used to assess low contrast resolution. This module consists of a series of cylinders of different diameters, all at 0.6% ͑6 HU͒ difference from a background material having a mean CT number of approximately 90 HU. The cylinder-tobackground contrast is energy independent. There are four cylinders for each of the following diameters: 2, 3, 4, 5, and 6 mm. The space between each cylinder is equal to the diameter of the cylinder. A 25 mm cylinder is included to verify the cylinder-to-background contrast level. Figure 13͑c͒ shows a cross-section of module 3, which consists of a uniform, tissue-equivalent material to assess CT number uniformity. Two very small BBs ͑0.28 mm each͒ are included for optional use in assessing the accuracy of inplane distance measurements. They may also be used to assess section sensitivity profiles.
B. Module 2

D. Module 4
Figure 13͑d͒ shows a cross-section of module 4, which is used to assess high contrast ͑spatial͒ resolution. It contains eight bar resolution patterns: 4, 5, 6, 7, 8, 9, 10, and 12 lp/cm. The aluminum bar patterns provide very high object contrast relative to the background material. Module 4 also has four 1 mm steel beads, as described for module 1.
FIG. 13. ͑a͒ Cross-sectional diagram of module 1, which contains four cylindrical rods to assess the CT number of different materials, four BBs to confirm accurate positioning, and two inclined ramps consisting of discrete wires that are spaced in 0.5 mm increments along the z axis. ͑b͒ Crosssectional diagram of the low-contrast resolution test objects contained in module 2. Each cylinder is comprised of the material having a nominal CT number difference from the background material equal to 6 HU. ͑c͒ Cross-sectional diagram used to assess image uniformity in module 3. The two 0.28 mm beads are used for optional assessment of distance accuracy or section-sensitivity profile. ͑d͒ Cross-sectional diagram of the high contrast ͑spatial͒ resolution test objects contained in module 4. The numerical values shown correspond to the spatial frequency of the respective bar pattern, in lp/cm. Scans acquired using parameters that do not match those listed in Table I of the site scanning data form ͑kVp, mAs, scan width, detector configuration, reconstruction algorithm, scan and reconstruction FOV, etc.͒ Incorrect detector configuration ͑values of N and T͒ listed in Table I  Incorrect calculation of pitch or table increment Not submitting a SMPTE pattern or alternate video test pattern Poor phantom alignment ͑central wire not centered in ramp, all 4 BBs not the same brightness͒ Placing images in the wrong positions ͑boxes͒ on the films submitted to the ACR Filming images with the wrong window width and window level settings Wrong size or wrong position ROIs Submitting images having obvious artifacts or other deficient results Performing CTDI scans using the wrong detector configuration ͑values of N and T͒ Not submitting the printed Excel ''dose calculator'' spreadsheet Not noting the difference between mA, mAs, and effective mAs (ϭmAs/pitch) when completing the forms Not displaying sufficient technical parameters on the printed films ͑all scan parameters must be shown͒ Positioning ROIs such that the annotation covers important portions of the image Using too small or too large a reconstruction FOV 
